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Abstract 
This paper aims to present energy extraction behavior of multi stage Micro Hydro Turbine (MHT), particularly when it operates in 
a low velocity In-Stream water body. Development a MHT with multi stage blade (runner) for water velocity ranges from 0.5 m/s 
to 1.0 m/s is the novelty of this research. Findings of literature review on MHT and simulation results of ANSYS CFD software 
are the basis of designing this research project. The vital parameters involved in designing the turbine were blade area, blade stage, 
blades position against water flow direction, spacing between blades, blade materials; and other technical factors associated with 
turbine operations. The study revealed that the turbine had started to extract energy at water velocity 0.3 m/s at 35 RPM turbine 
speed. At water inlet velocity 1.1 m/s, the velocity drop across blade was 25.6% and the energy extraction efficiency was 48.3%. 
The findings demonstrated that the energy extraction capacity of turbine blade had been greatly influenced by the blade stages and 
water velocity. The study concludes that the developed turbine is useful in low velocity In-stream water body for energy extraction 
and would be able to contribute to achieve energy and environmental sustainability. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering 
(ICTE 2014). 
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1. Introduction and background of research 
Various types of Micro Hydro turbine (MHT) are available in the market and generally all are operated on water 
velocity more than 1 m/s , even energy extraction efficiency of these turbines is less than 50 percent (¨İ50%).  The 
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traditional MHT is manufactured with one set blade (single stage); while the water velocity in major percentage of the 
river is less than 1 m/s which reduces the scope of using available MHT. Ultimately, people living in those areas where 
water velocity less than 1 m/s they have no choice. To address this issue, the current research project has been 
undertaken. 
 
Nomenclature 
Vi inlet water velocity 
Vo outlet water velocity  
RPM turbine rotation per minutes 
E energy extraction 
Ps shaft power 
A blade area 
² water density 
V water velocity drop  
A blade area of turbine 
 
1.1. Literature Review 
Micro-hydro projects are becoming popular due to society’s need for generating electricity without the fossil fuel 
cost. MHT converts kinetic and potential energy of running water into electrical energy through turbine blades and 
generator. Most large scale hydro turbines are installed at dams to ensure maximum power output. In contrast, most 
in-stream micro hydro extracts energy directly from the mainstream. The efficiency of most MHT founds in a range 
of 30 to 40% [1]. The micro hydro system is suitable for “run-of-the-river” installations. As dam is not required to 
operate in-stream micro hydro systems, the capital cost of this type of turbine is less compared to the large scale hydro 
systems [2]. The latest studies on micro hydro system suggest that this technology is reliable and friendly to 
environment compare to other sources of energy. It also provides a solution to energy supply for remote and hilly 
areas where the extension of grid system is not economically and technically feasible [3, 4].  
    Based on the alignment of the rotor axis with respect to water flow, this turbine family has been divided into two 
main groups, namely, axial flow and cross flow. The axial flow turbine has an axis parallel to water flow; on the other 
hand the power transmission shaft of the cross flow turbine is vertical to water flow. Cross flow water (CFW) turbine 
has been divided into two groups such as vertical axis and in-plane axis. The energy transmission shaft of the vertical 
axis turbine is vertical to water plane, and other hand, the shaft of in-plane axis turbine is installed parallel to water 
flow. Examples for vertical axis turbine are SC-Darrieus, H-Darrieus, Darrieus, Gorlov and Savonius. Indeed, in the 
operational phase of vertical axis turbine some disadvantages have been observed such as low starting torque, torque 
ripple, and lower efficiency [5]. 
    In regards to CFW turbine, Verdant Power had made a test report on operations and they stated that energy 
extraction by CFW turbine depends on water velocity and effective area of turbine blade [6]. For example, New 
Energy Corporation manufactured a turbine, their test report had indicated that it produced 13.0 kW at water velocity 
2.5 m/s.  Similar report had been made by Thropton Energy Service, they found that their manufactured turbine had 
produced 2 kW at water velocity 1.5 m/s. These results proved that the power extraction depends on water velocity. 
Alternative Hydro Solutions LTD and GCK Technology Inc. had produced a few turbines with blade area 3.0 sqm 
and 1.0 sqm respectively. The output power of these turbines was 2.6 kW and 0.7 kW respectively, though the water 
velocity for both cases were 1.4 m/s and 1.3 m/s respectively. These findings have proved that turbine blade area can 
play a significant role in extracting energy from water [7, 8]. However, nowadays research efforts have been given to 
use End Suction Centrifugal Pump Operating in Turbine Mode for Micro hydro Applications in order to increase 
energy extraction efficiency [9]. 
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1.2. Theoretical framework for energy extraction by using multistage blade system 
Optimizing the energy extraction is the key objective of this research project. To achieve this goal, a mechanical   
devise is essential to maximize velocity drop across the turbine blades [10]. In order to increase energy extraction 
efficiency, the outlet water velocity (Vo) at the turbine exit must be minimized; and to achieve this condition, the water 
velocity drop across the blades must be maximized. Therefore, the challenge of this research project is to increase 
velocity drop (Vo) across the blade surface. 
1.2.1. Conceptual energy flow modelling 
A conceptual model of energy extraction and conversion to mechanical energy of MHT is shown in Fig.1. 
 
 
  
 
 
 
 
 
 
 
Fig.1: conceptual model of energy extraction by turbine blades 
 
 
Fig.1 demonstrates that the inlet water velocity (Vi) is passed over the blade surface.  At the exit the blade surface, 
water velocity Vi  is reduced to Vo (Vo <Vi). The difference between Vi -Vo is known as velocity drop across turbine 
blades. The velocity drop is considered the scale of energy extraction. Therefore, the interaction maximization between 
water and blade surface is the determinant of energy extraction. 
1.2.2. Modeling the energy extraction by using multistage blade system 
The energy available in flowing water [11] can be presented by equation (1):  
 
ܧ ൌ ఘ஼஺ܸ
య
ଶ                                                                                                                     (1) 
   Here, E is energy; A is the blade area contact with flowing water, C = Power coefficient, V = water velocity m/s at 
inlet point and ρ water density (kg/m3) at normal atmosphere conditions. This equation indicates that blade area is a 
dominant factor of energy extraction. Another important factor of energy extortion is water velocity drop across blades 
of a turbine. The energy extraction with respect to velocity drop is shown by Eq.2:        
 
          οܧ ൌ ܧ௜ିܧ݋  
          οܧ ൌ ͳȀʹߩܥܣሺݒ݅ଷିݒ݋ଷ )                                                                                                              (2) 
The energy extraction in percent can be estimated from the equation (3): 
  
       ߂ܧΨ ൌ ୉୧ି୉଴୉୧ 100 
 
       ߂ܧΨ ൌ ௏௜యି௏௢య௏య ͳͲͲ                     (3) 
 
1.2.3. Modeling the velocity drop 
In a study on MHT, M.L. Arena found that the velocity drop in a single stage turbine is about 33% [8]. It indicates, in 
the single stage turbine, water leaves turbine with a huge amount of energy. In that study also reported that velocity 
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drop at turbine blades can be increased by increasing the stages of blades. This concept can be represented by Eq.4: 
 
∆V=σ οܸ݅ହଵ             (4) 
     ܪ݁ݎ݁ǡ οܸ - The velocity drop at each blade stage, i=1,2,3,4 and 5. Number 5 indicates number of stage of blade.  
1.2.4. Modeling the blade area for energy extraction 
   The basic model of energy extraction indicates, Eq.1, that it can be maximized by increasing the interaction between 
blade surface and water flux. On the other hands, if blade surface increases and splits in different stages, it could 
provide better scope of kinetic energy utilization.  This scenario is shown in Fig. 2 and Eq.5. 
 
ܣ ൌ σ ܣ݅ହଵ                              (5) 
     ܪ݁ݎ݁ǡ ܣ - The total blade area of MHT. i=1,2,3,4 and 5. Number 5 indicates number of stage of blade.  
 
  
Fig. 2: turbine blade assembly 
   
The energy vector shown in Fig. 2 indicates that R is the reactive force and it is generated during water flow over the 
blades. The magnitude of ‘R’ depends on the amount of velocity drop over the blade surface and this force contributes 
to rotating turbine shaft. 
2. Research problem statement and objectives 
     Since available MHT is not useful for low-velocity water (v ≤1 m/s) and the fact is that a major percentage of 
people in rural area are being lived nearby water stream having velocity about 1.0 m/s. It implies that people’s house 
around low velocity water area are not able to use existing and readily available MHT. Moreover, energy extraction 
efficiency of available MHT is less than 40%. In order to address this issue, current research project has   undertaken. 
The focus of this research project is to develop a MHT suitable to operate at water velocity ranges from 0.3 m/s to 1.0 
m/s with higher energy extraction efficiency. Particularly, we pay attention to develop multistage blade (runner) 
design; because we are convinced by the aid of literature that proposed system will be able to increase velocity drop.  
 
2.1. Novelty of the research 
 
  Report on MHT with multistage blade design in series for low-velocity water turbine is not available in the literature; 
hence a gap exists in this field. This work has designed to fill-up this gap. In this background, developing the multi 
stage blade (runner) for water velocity ranges from 0.3 m/s to 1.0 m/s is novel. 
 
2.2. Research objectives 
 
The broad objective of this study is to determine the effect of multistage blade and water velocity on energy 
extraction of MHT. The specific objectives of this study are:  
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x To estimate  energy extraction 
x To evaluate velocity drop across turbine blades 
x To determine  turbine  RPM 
3. Research methodology  
   The study on multistage MHT begins with the literature review for collecting latest research findings. The conceptual 
model building was the second stage of research. Designing and developing laboratory scale turbine was the third 
stage of this research. The final stage was conducting experiments to validate the developed model.  
 
3.1 Scope of study and research design 
  
     Five stages laboratory scale MHT has designed and developed to conduct study. The selected inlet water velocity 
ranges was from 0.3m/s to 1.0 m/s. To achieve research objectives, we measure inlet (Vi) and outlet (Vo) water velocity 
and speed (RPM).  
 
3.1 Experiment setup and data collection 
 
    The layout and machinery setup are shown in Fig.3. The main equipments associate with  experiment were water 
channel, variable speed water pump, water flow piping system, five stage horizontal type cross flow turbine ,energy 
transfer pulley and alternator.  
   
 
 
 
Fig.3.(a) layout of experiment setup;(b) machinery setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. experimental setup 
 
   Two centrifugal pumps  had used to maintain water flow.  Water flow rate and water velocity had  egulared  by 
using frequency inverter. Two veleicty meters had  used to measure inlet and outlet water velecity. One hand drive 
techcometer had used  to measure turbine speed (RPM). The total operating time of machinery was 240 hours in 
different working days.  Five sets data  (0.3m/s, 0.5m/s, 0.7m/s, 0.9m/s and 1.1 m/s)  have  gathered from experiments. 
In order to reduce estimating  error and achieving higher data quality, statistical technique, SPSS software had  used. 
The data only within 3 standard deviations  (3σ) had  used  for analysis.    
Pump System Alternator 
System
Turbine     
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4. Turbine test and data analysis 
Laboratory scale MHT has been installed in a water channel (Fig.3) and test run has been conducted at various water 
velocity. Eq. 3 and Eq.4 were estimated to evaluate energy extraction and velocity drop. The findings of turbine 
operation are reported in Table 1 and pictured in Fig. 4.  
  
                                  Table 1. Laboratory scale turbine test date and result  
Vi (m/s)  Vo (m/s) ΔV (%) E (%) RPM 
0.3 0.270 12 18.3 35 
0.50 0.292 16 40.78 45 
0.70 0.437 17.5 43.5 67 
0.90 0.71 20.35 44.5 120 
1.1 0.752 25.6 48.3 150 
Here, ΔV is velocity drop across blades and E is energy extraction from water by blades. 
 
   Table 1 demonstrates the impact of velocity drop on energy extraction. It is evident that at water velocity 0.3 m/s, 
the velocity drop was 12 percent across blades; the extracted energy efficiency was 18.3 percent and the shaft speed 
was 35 RPM. It was observed that the energy extraction was increased further with velocity drop. At water velocity 
1.1 meter/s, the velocity drop was 25.6 percent and the extracted energy efficiency was 48.3 percent with shaft speed 
150 RPM. It was also observed that the rotation of the turbine was also increased with velocity drop. The 
characteristics of energy extraction and velocity drop with respect to inlet velocity are shown in Fig. 4(a) and Fig. 
4(b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. (a) Effect of velocity drop on turbine rotation; (b) effect of velocity drop on energy extraction 
 
   Fig.4 (a) and Fig.4 (b) demonstrate the nature of energy extraction and turbine speed with respect to velocity drop. 
Relevant equations are shown below: 
 
߂ܧΨ ൌ ͶǤͳͷ߂ܸ െ ͲǤͺͳ߂ܸଶ െ ͶǤ͸ͻ          (6) 
ܴܲܯ ൌ ͳʹǤʹ͵͹ ൅ͲǤʹͻ߂ܸଶ െ ͳǤͺͺ          (7) 
Equation (6) and (7) can be used to predict energy extraction of low water velocity turbine. 
5. Research findings and scenario analysis   
    This study has estimated the energy extraction efficiency of multistage micro hydro turbine at low water velocity.  
The energy extraction at water inlet velocity 0.3 m/s was 18.3 percent which was the lowest value in this experiment. 
The maximum energy extraction was 48.3 percent at water inlet velocity 1.1 m/s. These findings demonstrate that 
turbine rotation and energy extraction depend on water velocity drop. The turbine speed 35 RPM was insignificantly 
low and at this speed energy extraction was also minimum. The water velocity 0.9 m/s and 1.1 m/s appeared useful to 
extract energy from water because at that water velocity the turbine speed were 120 RPM and 150 RPM. Indeed, 
velocity drop across turbine blade and the energy extraction were also significantly higher and compare able to other 
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research findings [3, 8]. Based on these experimental findings, it could be stated that multistage blade system is able 
to extract energy at about 1.0 m/s water velocity. Thus, this study has achieved its research goal.  
 
5.1. Practical implication of research findings 
 
     In-stream multistage blade MHT is a useful machine for extracting low cost energy from water; and the model 
reported in this paper would be greatly useful in increasing its efficiency. These findings would insist policy makers 
for commercializing this turbine. The developed turbine would also be commercially feasible for manufacturing 
SMEs, agriculture projects and residence nearby river for boost up economy. 
 
5.2. Social implication of research findings 
 
    Approach used in this study would be an effective way of extracting higher percentage energy from in-stream water 
and also to increase turbine operating performance; Of course, higher energy extraction performance would contribute 
to increase environmental sustainability; thus society would be benefited by using developed model. 
 
5.3. Conclusion and direction for further study 
 
   Findings of this study suggest that multistage MHT has power to contribute to increase energy extraction efficiency 
at lower water velocity. This study concludes that the developed model would be greatly useful in future research for 
developing commercially feasible micro hydro turbine. The future direction of research would be to characterize 
energy extraction at water velocity more 1.0 m/s.  Another direction for future study is to model energy extraction 
with more than 5 stage of blades.  
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